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Objective: Anatomical tibiofemoral angle (anatomical TFA) of the knee measured on standard knee
radiographs is still widely used as proxy for mechanical tibiofemoral angle (mechanical TFA), because of
the practical and economic limitations in using full-limb radiographs. However, reported differences
between anatomical and mechanical TFAs show wide variations. The ﬁrst aim of this study was to
determine whether gender, the presence of advanced osteoarthritis (OA), and history of total knee
arthroplasty (TKA) inﬂuence the differences between anatomical and mechanical TFAs. The second aim
was to identify anatomical features that cause divergences between anatomical and mechanical TFAs,
and the ﬁnal aim was to determine whether anatomical TFA measured using reference points more
distant from the knee provides more accurate estimates of mechanical TFA.
Design: In 102 knees with advanced OA before and after TKAs and 99 control knees with no/minimal
OA, we assessed the differences between two anatomical TFAs, namely, anatomical TFA1 and
anatomical TFA2, which were based on conventional or more distant proximal and distal reference
points on standard knee radiographs, respectively, and the mechanical TFA measured on full-limb
radiographs. These differences were investigated for women vs men, no/minimal OA vs advanced OA,
and for knees before vs after TKA. Regression analyses were performed to determine associations
between femoral and tibial anatomical characteristics and the differences between mechanical and
anatomical TFAs.
Results: The OA group showed signiﬁcantly greater differences between mechanical and anatomical TFAs
than the control group for both genders. In OA and TKA group, women were more likely to have greater
mean differences between mechanical and anatomical TFAs than men. However, TKA did not signiﬁ-
cantly affect these differences. Femoral and tibial bowing angles, particularly of the femur, were found to
be the major contributors to divergences between mechanical and two anatomical TFAs. Furthermore,
anatomical TFA2 was found to provide more accurate estimates of mechanical TFA.
Conclusions: We found that the differences between mechanical and anatomical TFAs depend on gender
and the presence of advanced OA, but not on a history of TKA. These ﬁndings indicate that prediction of
mechanical TFA based on anatomical TFA is dependent on study population characteristics. This study
also shows that the presence of lateral bowing of the femur is a major cause of mechanical TFA to
anatomical TFA variations associated with gender and advanced OA. To reduce the adverse effects of
anatomical variations on estimations of mechanical TFA based on an anatomical TFA method, more
distant proximal and distal reference points are recommended to determine anatomical TFA value on
standard knee radiographs.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Tae Kyun Kim, Joint Reconstruction Center, Seoul National University Bundang Hospital, 300 Gumidong, Bundangu,
82-31-787-4056.
Research Society International. Published by Elsevier Ltd. All rights reserved.
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The coronal mechanical alignment of the knee is regarded to be
one of the most important parameters for assessing the condition
of the knee joint. A number of epidemiologic studies have
concluded that coronal malalignment of the knee is an important
contributor to the progression of knee osteoarthritis (OA)1–7. In
a number of types of knee surgery, the optimization of coronal
alignment of the knee is an important prerequisite of surgical
success8–15, particularly for total knee arthroplasty (TKA)11,12,15.
Although several methods have been introduced to assess
coronal alignment of the knee16–26, assessments based on
plane radiographs have become established as standard
methods16,18,21–24,27,28. There are two ways of assessing coronal
alignment of the knee using plane radiographs, namely, by
measuring the anatomical tibiofemoral angle (anatomical TFA) on
standard (1417 inch) knee radiographs, and by measuring
mechanical tibiofemoral angle (mechanical TFA) on full-limb
radiographs. The anatomical TFA method using standard knee
radiographs is economical, available at almost all medical clinics,
and has been used from the onset of knee surgery. However, as the
hip and ankle joints cannot be included in these radiographs,
mechanical alignment can only be estimated using this method.
On the other hand, full-limb radiography can capture anatomic
variationsofwhole femurs and tibiae, and allowmechanical TFA to be
measured directly29. However, this method has its drawbacks, which
include radiation to pelvic organs, the requirement for a special
radiography room and equipment, and higher costs. Thus, full-limb
radiography is limited in its use during epidemiologic studies in large
populations4,30 and is not available in some clinics. Given these
limitations of full-limb radiography, many studies have proposed the
use of speciﬁc ranges, such as, valgus 5–10, for anatomical TFAs
measured on knee radiographs as a proxy of ‘acceptable’ neutral
mechanical TFA of the knee22,27,28,31–33. Furthermore, recently,
equations have been proposed for converting anatomical TFA to
mechanical TFA18,21. However, proposed ranges of anatomical TFA for
neutral mechanical TFA of the knee, and published conversion
equations show considerable variations18,21,22,27,28,31–35.
Regarding the differences between anatomical and mechanical
TFAs, we speculated that anatomic variations of the tibia and femur,
particularly which are not captured by knee radiography, such as,
femoral and tibial coronal bowing, are likely to be largely respon-
sible for observed variations36,37. If this is the case, when femoral
and tibial anatomical characteristics differ, such as, between male
and female knees, knees with minimal OA or advanced OA, the
relationship between anatomical and mechanical TFAs is likely to
change. In addition, TKA can alter the geometry of the distal femur
and the proximal tibia, it may change the relationship between the
anatomical and mechanical TFAs. However, little information is
available on this topic. Furthermore, if femoral and tibial anatomical
variations do inﬂuence the relationship between anatomical and
mechanical TFAs, it follows that the proximal and distal reference
points used to measure anatomical TFA of the knee affect the
accuracy of mechanical TFA estimations. In the majority of studies
conducted to date, the reference points used to assess anatomical
TFA were only 10 cm removed from knee joints30,33,38–41. We spec-
ulated that the use of more distant reference points would provide
a better reﬂection of femoral and tibial anatomical variations and
more accurate estimations ofmechanical TFAs of the knee.However,
little information is currently available.
This study was conducted to document the differences between
anatomical TFAs measured on standard knee radiographs and
mechanical TFA measured on full-limb radiographs in three groups
of knees, namely, (1) knees with no or minimal OA, (2) knees with
advancedOAbefore TKA, and (3) the same knees after TKA.Wewereparticularly interested to determine whether gender, the presence
of advanced OA, and a history of TKA inﬂuenced the difference
betweenanatomical TFAs andmechanical TFA.We also attempted to
compare the anatomical characteristics of femurs and tibiae in the
study groups and identify those anatomical features responsible for
differences between anatomical TFAs and mechanical TFA. Finally,
we attempted to determine whether anatomical TFAs measured
using more distant proximal and distal reference points from the
knee could provide more accurate estimations of mechanical TFA.
Materials and methods
Subjects
We developed three study groups as follows: (1) the control
group – asymptomatic knees with no or minimal radiographic
evidence of OA, (2) the OA group – knees with severe radiographic
OA of the knee before TKA, and (3) the TKA group – the knees of
the OA group, but after TKA. To determine sample sizes, power
analysis was performed for Student’s t-test and the paired t-test at
an alpha level of 0.05. We regarded an inter-group difference in
mean angle of 2 as being clinically meaningful. Based on the
information obtained from our patient database, a minimum of 43
knees were required per group to detect clinically meaningful
differences with a power of 80%.
To recruit subjects for the OA and TKA groups, we reviewed the
prospectively collected database of 193 knees in 130 consecutive
patients who had undergone primary TKA between January 2007
and August 2007. Due to the extreme female dominance shown by
TKA candidates in Korea42,43, we also extended the review of 68
knees in 52 consecutive male patients who had undergone primary
TKA between 2005 and 2006 to recruit sufﬁcient numbers ofmen in
the OA and TKA groups. We excluded knees with the following
conditions: (1) a diagnosis other than primary OA, (2) a history of
fracture of the femur or tibia or of osteotomy around the knee, (3)
knee ﬂexion contracture of >20, and (4) an inadequate position in
radiographs preventing complete evaluation of radiographic vari-
ables or the absence of radiographs after TKA due to follow-up loss.
After exclusion, 76 knees of 52 female patients and 67 knees of 50
male patients remained. For the bilateral knees in the samepatients,
we excluded one kneewith greater preoperative ﬂexion contracture
to avoid a potential bias by the correlation between the two knees in
the same individual. Finally, 52 female knees and 50 male knees
with advanced OA constituted both the OA and TKA groups.
To enroll subjects for the control group, we reviewed the data-
base for 153 knees in 153 consecutive patients who had undergone
unilateral arthroscopic surgeries in 2007.We examined radiographs
of the unoperated knees of these patients. The exclusion criteriawas
as follows: (1) an unoperated knee with signiﬁcant pain or radio-
graphic OA of Kellgren–Lawrence grade 2, (2) an open physis, (3)
a history of fracture around the knee, and (4) inadequate radio-
graphs or the absence of radiographs allowing complete evaluation.
Finally, 99 unoperated and asymptomatic knees of 99 patients (54
males and 45 females) constituted the control group. All subjects
included in this study were ethnically Korean. The demographic
characteristics of the study subjects are presented in Table I.
This studywas approved by the institutional review board of our
hospital, and informed consent was obtained from all patients
regarding the use of medical information.
Radiographic evaluation
Radiographic evaluations were carried out using pairs of
standing anteroposterior (AP) knee radiographs and standing full-
limb AP radiographs, which were taken on same days and in the
Table I
Study group demographic information
Parameters Control group (n¼ 99) OA and TKA groups (n¼ 102)*
Male (n¼ 54) Female (n¼ 45) P-valuey Male (n¼ 50) Female (n¼ 52) P-valuey
Mean SD (range) Mean (SD) SD (range) Mean SD (range) Mean SD (range)
Age (years) 33.5 11.1 (17–62) 44.8 11.7 (16–65) <0.001 70.3 5.4 (60–85) 68.7 6.2 (56–82) 0.17
Height (cm) 173.2 6.8 (152–184) 157.2 3.3 (150–162) <0.001 164.9 5.4 (155–178) 150.9 5.8 (134–167) <0.001
Weight (kg) 72.7 11.8 (43–95) 60.0 12.9 (44–95) 0.001 70.9 8.3 (53–92) 60.4 9.2 (41–85) <0.001
BMI 24.1 2.9 (18.6–30.7) 24.2 4.9 (18.3–37.6) 0.918 26.1 2.6 (21.1–33.4) 26.5 3.6 (19.5–37.8) 0.480
BMI: Body mass index.
* Radiographs of subjects with advanced OA before TKA and after TKA constituted the OA and TKA groups, respectively.
y Results of Student’s t-test for comparisons between male and female subjects in each group.
Fig. 1. Measurement of mechanical TFA (mTFA) on a standing full-limb AP radiograph taken using a 14 51 inch grid cassette, and of two anatomical TFAs (aTFA1 and aTFA2) on
standing AP knee radiographs using 1417 inch cassette. aTFA1 and aTFA2 differed with respect to the locations of femoral and tibial bisecting points. The bisecting points of the
femur and tibia for aTFA1 measurements were at 10 cm from the lowermost portion of the lateral femoral condyle and the uppermost portion of the lateral tibial plateau,
respectively, whereas aTFA2 was measured similarly but bisecting points 15 cm removed from these anatomic features.
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radiographic examinations, an identical foot rotation angle was
obtained using a reference template on the platform incorporated
for our plane radiographic system. In addition, during both the
radiographic examinations, the patientswere requested tomaintain
knee extension to get an identical knee angle. All radiographic
images were digitally acquired using a picture archiving and
communication system (PACS). Assessments were performed on
a 24-inch (61-cm) LCD (liquid crystal display) monitor (T245:
Samsung, Seoul) in portraitmode using PACS software (Impax: Agfa,
Antwerp, Belgium). This software package allows the investigator to
detect the bisecting point of any area on the femur or tibia, and to
measure the angle between any two lines drawn on the digital
image. The minimum detectable changes by the software were 0.1
in angle measurement and 0.1 mm in length measurement.
For all study subjects, mechanical TFA of the knee was
measured on a standing full-limb AP radiograph taken on a 14 51
inch grid cassette, while anatomical TFA was measured on
standing AP knee radiographs taken on a 1417 inch cassette
(Fig. 1). Mechanical TFA of the knee was deﬁned as the angle
formed by the intersection between the mechanical axes of the
femur (the line from the femoral head center to femoral inter-
condylar notch center) and the tibia (the line from ankle talus
center to the center of the tibial spine tips). A negative value was
given to knees in varus alignment. We deﬁned and measured two
anatomical TFAs, namely, anatomical TFA1 and anatomical TFA2.
Anatomical TFA was deﬁned as the angle between the anatomicalFig. 2. Measurements of the ﬁve anatomical parameters examined during this study, namely
limb AP radiograph. (1) FBA: the angle between the line connecting the points bisecting th
connecting the points bisecting the femur at 5 cm and 10 cm above the lowest portion of th
(2) FL: the distance between the uppermost point of the femoral head and the lowermost p
points bisecting the tibia at the 5 cm and 10 cm from the highest portion of the lateral tibial p
lowest portion of the tibial plafond (a positive value was given to subjects with lateral bowin
the tibia to the point bisecting the tibia at the 5 cm from the highest portion of the lateral tib
of the tibial spine tips (a positive value was given when the center of tibial spine tips was sh
point of the tibial spine and the central point of the tibial plafond surface.axes of the femur (the line from the point bisecting the femur to
the center of the femoral intercondylar notch) and the tibia (the
line from the point bisecting the tibia to the center of the tibial
spine tips). Anatomical TFA1 and anatomical TFA2 differed with
respect to the locations of the bisecting points of the femoral and
tibial anatomical axes; the bisecting points of these axes for
anatomical TFA1 were 10 cm removed from the lowermost portion
of the lateral femoral condyle and 10 cm removed from the
uppermost portion of the lateral tibial plateau, whereas for
anatomical TFA2 the bisecting points were 15 cm removed. A
negative value was given to knees in varus alignment. For radio-
graphs after TKA, distal center of the femur was deﬁned as the
center of the femoral component, whereas the proximal center of
the tibia as the center of the tibial component.
To investigate femoral and tibial anatomical characteristics in
the coronal plane, we measured ﬁve anatomic parameters, namely,
the femoral bowing angle (FBA), the tibial bowing angle (TBA), the
tibial plateau shift angle (TPSA) proposed by Nagamine et al.44 and
tibial and femoral lengths on full-limb AP radiographs (Fig. 2).
To determine intra- and inter-observer reliabilities of radio-
graphic assessments, one orthopaedic specialist (C.B.C.) and one
musculoskeletal radiology specialist (J.-Y.C.) performed all radio-
graphic assessments in 30 randomly selected knees (10 per group)
twice with an interval of 1 week. The intra- and inter-observer
reliabilities of assessments of all radiographic measurements were
evaluated using intraclass correlation coefﬁcients (ICCs). The ICCs
of intra- and inter-observer reliabilities of all measurement were, the FBA, the femoral length (FL), the TBA, the TPSA, and the tibial length (TL), on a full-
e femur at 0 and 5 cm below the lowest portion of the lesser trochanter and the line
e lateral femoral condyle (a positive value was given to subjects with lateral bowing).
oint of the medial femoral condyle. (3) TBA: the angle between the line connecting the
lateau and the line connecting the points bisecting the tibia at 5 cm and 10 cm from the
g). (4) TPSA: as the angle between the line from the point bisecting the mid-portion of
ial plateau and the line from the same point of the mid-portion of the tibia to the center
ifted medially relative to the anatomical axis). (5) TL: the distance between the central
Table II
Results of radiographic alignments of the knee in the three study groups
Parameters Control group P-valuex OA group P-valuex TKA group P-valuex
Male Female Male Female Male Female
mTFA () 2.2 2.2 0.960 9.3 12.7 0.001 0.9 0.6 0.647
(2.8, 7.6–3.8) (2.5, 7.2–3.3) (4.1, 16.5 to 0.2) (5.8, 25.0 to 2.6) (2.6, 7.5–4.0) (2.1, 4.7–3.7)
aTFA1 () 0.8 1.5 0.219 3.1 5.5 0.005 4.8 6.2 0.014
(2.4, 2.9–6.9) (2.3, 4.1–8.3) (3.4, 10.7–5.7) (4.5, 16.6–3.2) (3.0, 1.4–13.0) (2.4, 1.1–10.8)
aTFA2 () 1.0 1.7 0.192 3.4 5.5 0.012 4.9 6.6 <0.001
(2.1, 3.0–6.7) (2.2, 3.9–7.4) (3.2, 9.4–5.4) (4.6, 17.0–3.9) (2.5, 0.3–11.1) (2.0, 1.6–10.1)
mTFA vs aTFA1 ()* 3.0y 3.7y 0.179 6.2y,z 7.2y,z 0.096 5.6z 6.8z 0.049
(2.1, 1.3–8.0) (2.0, 0.8–7.6) (3.0, 2.1–15.4) (3.5, 2.2–15.8) (3.0, 0.7–13.5) (2.8, 1.2–12.4)
mTFA vs aTFA2 ()* 3.2y 3.9y 0.134 6.0y,z 7.3y,z 0.015 5.7z 7.2z 0.001
(1.9, 0.4–7.9) (1.7, 0.6–7.3) (2.4, 2.4–12.4) (2.8, 3.2–13.5) (2.4, 0.5–11.7) (2.2, 3.1–12.3)
The results shown in bold are means; SDs and ranges are in parentheses; mTFA (mechanical TFA), aTFA (anatomical TFA).
* Differences between mTFA and aTFA1 or aTFA2.
y For both genders, the OA group showed signiﬁcantly greater differences between mTFA and aTFA1 or aTFA2 than the control group (Student’s t-test, P< 0.001 for all
comparisons).
z No signiﬁcant differences in the relationship between mTFA and aTFA1 or aTFA2 were found between OS subjects before and after TKA (paired t-test, P> 0.1 for all
comparisons).
x Results of Student’s t-test for comparison between male and female subjects.
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measurements were highly reliable, measurements taken by
a single investigator (C.B.C.) were used in the analyses.
Statistical analyses
Mechanical TFA, anatomical TFA1, anatomical TFA2, and differ-
ences between mechanical and anatomical TFAs in the study
groups were summarized as means, standard deviations (SDs), and
ranges. Comparisons of the differences between mechanical and
anatomical TFAs for male and female subjects in each group
and between the control group and the OA group for each gender
were performed using Student’s t-test. In addition, comparisons of
the differences between mechanical and anatomical TFAs for the
OA and TKA group were performed using the paired t-test.
Tibial and femoral anatomical characteristics of the study
groups were summarized as means, SDs, and ranges. Comparisons
of the tibial and femoral anatomical characteristics of males and
females in each group, and between the control and OA group for
each gender were performed using Student’s t-test. The associa-
tions of tibial and femoral anatomical characteristics with the
differences between mechanical and anatomical TFAs were inves-
tigated with multiple regression analyses using the enter method.
The results of multiple regression analyses were summarized using
standardized coefﬁcients i.e., beta-coefﬁcients (b-coefﬁcients),
P-values, and coefﬁcients of determination (R2) of each regression
model. Beta-coefﬁcients are used to compare the strength of theTable III
Comparisons between the control and OAþTKA groups in terms of femoral and tibial an
Parameters Control group P-valu
Male Female
FBA () 2.4y 0.9z 0.05
(2.8, 6.6–3.7) (3.1, 6.5–6.8)
TBA () 0.5 0.2z 0.55
(2.4, 5.3–4.9) (1.4, 2.2–3.6)
TPSA () 0.6 0.6 0.73
(0.6, 0.6–1.5) (0.8, 1.2–1.7)
TL (cm) 37.5y 34.5z <0.00
(1.5, 34.2–40.5) (1.8, 30.9–38.8)
FL (cm) 48.8y 44.6z <0.00
(2.4, 42.5–53.0) (2.3, 40.2–49.9)
Means are in bold font and SDs and ranges are in parentheses.
* Results of Student’s t-test for intra-group comparisons of male and female subjects.
y In male subjects, comparisons between the control group and the OA group with res
TPSA (P¼ 0.054) were signiﬁcantly different (P 0.001).
z In female subjects, all parameters, except TPSA (P¼ 0.163), were signiﬁcantly differeeffect of each independent variable on the dependent variable
without regard to how differently the variables are scaled. The
coefﬁcient of determination (R2) represents the percent variation
that can be explained by the regression model.
Correlations between mechanical and two anatomical TFAs
were determined using Pearson’s correlation coefﬁcients (CCs). In
addition, equations for converting anatomical TFA1 and anatomical
TFA2 to mechanical TFA for male and female subjects in each group
were examined using linear regression analyses. Based on the
results obtained, we determined which anatomical TFA more
accurately estimated mechanical TFA.
All the statistical analyses were carried out using SPSS for
Windows (version 12.0; SPSS, Chicago, Illinois), and P-values of
<0.05 were considered signiﬁcant.
Results
In both male and female subjects, the OA group showed
signiﬁcantly greater differences between mechanical and anatom-
ical TFAs than the control group (P> 0.001 in all comparisons)
(Table II). In all three study groups, female subjects had greater
differences between mechanical and anatomical TFAs than males.
However, the gender effect was not statistically signiﬁcant in the
control group (P¼ 0.179 for mechanical TFA vs anatomical TFA1,
and P¼ 0.134 for mechanical TFA vs anatomical TFA2), whereas in
the OA and TKA groups, females had greater or a tendency to have
greater differences between mechanical and anatomical TFAsatomical characteristics
e* OA and TKA groups P-value*
Male Female
2 1.6y 5.8z <0.001
(4.3, 6.7–10.0) (4.2, 2.8–19.0)
1 1.0 1.3z 0.512
(2.3, 3.1–6.9) (2.1, 2.7–5.7)
8 1.0 0.9 0.630
(1.1, 0.5–5.0) (1.0, 1.0–3.2)
1 36.1y 33.0z <0.001
(1.8, 33.1–40.5) (1.6, 29.2–36.5)
1 47.1y 43.0z <0.001
(1.8, 44.0–51.9) (2.1, 39.3–48.1)
pect to anatomic parameters showed that all parameters except TBA (P¼ 0.334) and
nt (P< 0.005).
Table IV
The results of multiple regression analyses to indentify the factors governing differences between the mechanical TFA (mTFA) and anatomical TFA1 or 2 (aTFA1 or aTFA2) in the
three study groups
Anatomical characteristics Control group OA group TKA group
mTFA vs aTFA1 mTFA vs aTFA2 mTFA vs aTFA1 mTFA vs aTFA2 mTFA vs aTFA1 mTFA vs aTFA2
b* P-value b* P-value b* P-value b* P-value b* P-value b* P-value
FBA 0.352 0.003 0.379 0.002 0.540 <0.001 0.606 <0.001 0.472 <0.001 0.569 <0.001
TBA 0.320 0.006 0.358 0.003 0.244 <0.001 0.266 <0.001 0.473 <0.001 0.446 <0.001
TPSA 0.326 0.005 0.138 0.239 0.342 <0.001 0.226 <0.001 0.055 0.427 0.044 0.483
TL 0.054 0.848 0.063 0.829 0.021 0.886 0.021 0.882 0.025 0.874 0.090 0.522
FL 0.160 0.567 0.216 0.458 0.022 0.879 0.050 0.718 0.098 0.522 0.261 0.059
R2 for each regression model 0.391 0.340 0.704 0.719 0.658 0.724
b (Standardized coefﬁcients¼ b-coefﬁcients), R2 (coefﬁcients of determination).
* b-coefﬁcients with statistical signiﬁcance (P-value< 0.05) are in bold font.
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groups for either gender, the angle differences betweenmechanical
and anatomical TFAs were not signiﬁcantly different (paired t-test,
P> 0.1 for all comparisons) (Table II).
Comparative analyses of tibial and femoral anatomical char-
acteristics in the control group and the OA group demonstrated
that the amount of lateral bowing angle of the femur was the
parameter that showed largest variation (Table III). In the OA
group, both genders had a positive FBA (i.e., lateral bowing) and
these values were greater than those of the control group (1.6 vs
2.4 for males in the OA and control groups, and 5.8 vs 0.9 for
females in the OA and control groups, respectively, P< 0.001). In
addition, females in the OA group had signiﬁcantly more lateral
bowing angle than males (5.8 vs 1.6, P< 0.001) (Table III).
Multiple regression analyses revealed that the FBA was the
strongest factor associated with variations of the differences
between the mechanical and anatomical TFAs in all three study
groups, except for the difference between mechanical TFA and
anatomical TFA1 in the TKA group. Considering the b-coefﬁcients
of the analyses, the second strongest factor associated with the
differences between the mechanical and anatomical TFAs was the
TBA. In the OA and TKA groups, the R2 of each regression model
ranged from 0.658 to 0.724, which indicates that 65.8–72.4% of the
variation between mechanical and anatomical TFAs is explained
by variations in the ﬁve anatomical characteristics evaluated in
this study Table IV).
The CCs and R2 values of the equations between mechanical TFA
and anatomical TFA1 or anatomical TFA2 demonstrated that the
anatomical TFA2 provided better correlations and higher R2 values
for estimating mechanical TFA in all study subjects Table V). In
particular, for female subjects in the TKA group, anatomical TFA1
could not provide a statistically meaningful equation for estimating
mechanical TFA (R2¼ 0.07, P¼ 0.067). Based on these results, the
means and 95% conﬁdence intervals of the difference between
mechanical TFA and anatomical TFA2 for male and female subjects
in each group are presented in Fig. 3.Table V
Equations and coefﬁcients of determination (R2) for estimating mechanical TFA using eit
Subjects By aTFA1
Equation CC
Control group Male 0.798 aTFA1 2.83 0.678
Female 0.720 aTFA1 3.24 0.664
OA group Male 0.835 aTFA1 6.70 0.692
Female 1.032 aTFA1 6.97 0.800
TKA group Male 0.370 aTFA1 2.62 0.429
Female 0.233 aTFA1 2.05 0.273
* This result was not statistically signiﬁcant (P¼ 0.067).Discussion
Because of practical and economic limitations that restrict the
use of full-limb radiography for assessing mechanical alignment of
the knee, anatomical alignment of the knee measured by standard
knee radiography is still widely used as a proxy for mechanical
alignment of the knee. However, despite of profound clinical
signiﬁcance of coronal knee alignment, reported differences
between mechanical and anatomical alignments of the knee show
wide variations18,21,22,27,28,31–35. If variations between mechanical
and anatomical alignments of the knee are considerable, interpre-
tations of epidemiologic and clinical studies based on anatomical
alignment of the knee on standard knee radiographs are likely to be
inaccurate11,30,38,45–47. We speculated that differences between
mechanical and anatomical alignments of the knee could be
dependent on gender, OA status, and TKA history. We expected that
such variations would mainly stem from variations of femoral and
tibial anatomical characteristics, such as, femoral and tibial bowing.
We also speculated that more distant proximal and distal reference
points from the knee would better reﬂect femoral and tibial
anatomical characteristics when measuring anatomical TFA in the
coronal plane, and consequently would provide better estimation
of knee mechanical TFA.
This study demonstrates that the difference between mechan-
ical TFA and anatomical TFAs varies with gender and the presence
of advanced OA, but not with a history of TKA. In fact, we found
largest differences between mechanical and anatomical TFAs stem
from the presence of OA. In younger kneeswith no/minimal OA (the
control group), average differences between mechanical and
anatomical TFAs fell in the range 3–4, whereas in elderly knees
with advanced OA, this difference was in the range 6–7.5, which is
almost double that of the control group (Table II). Our review of the
literature also found that the reported differences between
mechanical and anatomical TFAs show wide varia-
tions18,21,22,27,28,31–35, and main cause of these variations is attrib-
utable to the nature of the study populations. For example,her anatomical TFA1 or 2 (aTFA1 or aTFA2) in the three study groups
By aTFA2
R2 Equation CC R2
0.44 0.969 aTFA2 3.20 0.744 0.54
0.43 0.868 aTFA2  3.66 0.744 0.54
0.48 1.038 aTFA2 5.84 0.814 0.66
0.64 1.110 aTFA2 6.64 0.883 0.78
0.18 0.584 aTFA2 3.69 0.573 0.33
0.07* 0.473 aTFA2 3.73 0.458 0.21
Fig. 3. The 95% conﬁdence intervals of the differences between mechanical TFAs (mTFAs) and anatomical TFA2 (aTFA2) in male and female subjects in each of the three study
groups.
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nity-based studies ranged between 0 and 5.518,21,27,34,35, whereas
the differences found during studies on osteoarthritic patients
approximated 732,41, which concurs with our results for the control
and OA groups.
Furthermore, our results on the effect of gender on the differ-
ence between mechanical and anatomical TFAs revealed that
female subjects in all three study groups had greater differences
between mechanical and anatomical TFAs than male subjects.
However, the differences in the control group (0.7 on average)
were not statistically signiﬁcant, whereas the differences in the OA
and TKA groups were 1.0–1.5 on average and were signiﬁcant or
marginally signiﬁcant (P-values 0.001–0.096, Table II). Regarding
the effect of gender on the difference between mechanical and
anatomical TFAs, the results of two Western studies contradict
ours21,35. These two studies were performed in community-based
populations on subjects with various degrees of knee OA, and it was
found that male subjects had greater differences between
mechanical and anatomical TFAs than female subjects (4.7 vs 3.0,Table VI
Comparison between recent studies investigating the relationship between mechanical
Investigator (year) No. of knees* Male:Female Mean age (SD
Kraus et al.21 (2005) 114 (57) 34:80 67 (11)
Hinman et al.18 (2006) 40 16:24 64.7 (9.4)
Issa et al.35 (2007) 146 (146) 37:109 70 (11)
Colebatch et al.34 (2009) 80 (40) All female 53 (8)
Current study
Male control group 54 All male 33.5 (11.1)
Female control group 45 All female 44.8 (11.7)
Male OA group 50 All male 70.3 (5.4)
Female OA group 52 All female 68.7 (6.2)
Male TKA group 50 All male 70.3 (5.4)
Female TKA group 52 All female 68.7 (6.2)
K/L grade (Kellgren–Lawrence grade), Gr (grade), NA (not available).
* The number of subjects is in parentheses, when the study used bilateral knees in sa
y The authors deﬁned the neutral alignment as 180 .respectively, in the study by Issa et al.35; and 6.4 vs 3.5 in the
study by Kraus et al.21). Nevertheless, to the best of our knowledge,
no available information indicates that such a reverse gender effect
exists in advanced OA patients in Caucasians.
Our analyses of femoral and tibial anatomical characteristics
suggest why gender, the presence of OA, and a history of TKA have
different effects on the differences between mechanical and anatom-
ical TFAs. Of the ﬁve femoral and tibial anatomical characteristics
examined, femoral and tibial bowing were found to be the two major
factors associated with differences between mechanical and anatom-
ical TFAs. In particular, the bowing angle of the femur was found to
have the greatest effect.When the FBA is large, that is, the femur shows
signiﬁcant lateral bowing, the femoral shaft is more deviated from the
mechanical axis of the femur, and thus, the discrepancy between
mechanical and anatomical TFAs would increase.
TKA can signiﬁcantly change the local geometry of the knee,
such as, changing the TPSA due to asymmetrical resection of the
proximal tibia. However, it could reasonably be expected that TKA
has little effect on the overall FBA and TBA. According to our results,TFA (mTFA) and anatomical TFA (aTFA)
) OA (K/L grade) Difference between
mTFA vs aTFA
Equation for converting
aTFA to mTFA
Gr 0–2¼ 50.8%
Gr 3,4¼ 49.2%
4.21 0.69 aTFAþ 53.69y
Gr 0–2¼ 32.5%
Gr 3,4¼ 67.5%
0.8 0.915 aTFAþ 13.895
Gr 0–2¼ 61.6%
Gr 3,4¼ 38.3%
3.4 (SD: 0.27) NA
All Gr 0,1 0.1 NA
All Gr 0,1 3.2 (SD: 1.9) 0.969 aTFA2 3.20
All Gr 0,1 3.9 (SD: 1.7) 0.868 aTFA2 3.66
All Gr 3,4 6.0 (SD: 2.4) 1.038 aTFA2 5.84
All Gr 3,4 7.3 (SD: 2.8) 1.110 aTFA2 6.64
NA 5.7 (SD: 2.4) 0.584 aTFA2 3.69
NA 7.2 (SD: 2.2) 0.473 aTFA2 3.73
me individuals.
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divergences between mechanical and anatomical TFAs. Thus,
although the effect of TPSA on differences between mechanical and
anatomical TFAs disappeared in the TKA group, the overall change
in the differences between mechanical and anatomical TFAs could
not be signiﬁcant (Tables II and IV).
The reason for the high prevalence of lateral femoral bowing
among female OA patients is unclear. The presence of lateral
bowing may be a risk factor of varus OA, or may be the result of
varus OA. Similar with our ﬁndings, several previous reports
demonstrated or suggested that the patients with advance OA of
the knee were more likely to have bowing of the femur36,48,49.
Cooke et al.48 suggested in the editorial that lateral bowing could
reduce femoral valgus, and it may predispose to varus OA of the
knee. Nevertheless, the authors also raised a question about cause-
and-effect relationship between the bowing of the femur and varus
OA of the knee. Considering the extreme female dominance among
patients warranting TKA in Korea42,43, this typical anatomical
feature might be associated with the development of knee OA or
the symptomatic severity of knee OA4,6,38. However, these specu-
lations should be conﬁrmed in future studies.
Another interesting ﬁnding of the present study is that the
deﬁnition of anatomical TFA could inﬂuence the accuracy of esti-
mating mechanical TFA. In this study, we deﬁned two anatomical
TFAs, namely anatomical TFA1 and anatomical TFA2, using different
femoral and tibial bisecting points, that is, at 10 cm and 15 cm from
the knee joints, respectively. We found that anatomical TFA2 had
better correlationwith themechanical TFA in all three study groups
Table V, which suggests that anatomical TFA2 provides more
accurate estimations of mechanical TFA. Regarding the reason for
this result, we speculate that anatomical TFA measurements based
on more distant reference points from the knee joint are less
sensitive to the anatomical features that increase differences
between anatomical and mechanical TFAs. Considering the
majority of studies conducted using anatomical knee alignments on
1417 inch knee radiographs deﬁned the bisecting points of the
femur and tibia at 10 cm from the knee30,33,38–41, our results suggest
that more distant reference points from the knee joint on the knee
radiographs should be adopted for future studies of this type.When
using a 1417 inch (35.6 43.2 cm) radiograph for this purpose,
a standardized point at say 20 cm from the knee joint would appear
reasonable for measuring the anatomical TFA. However, in view of
the different techniques used to take radiographs, we expect that
15 cm would be the most reproducible and practical distance for
standardization purposes.
In comparison with the previous studies, the strength of our
study involved that we provided ranges and equations for esti-
matingmechanical TFA by anatomical TFA in the kneeswith various
conditions (Table VI). As the knees with different conditions can
have different relationship between themechanical and anatomical
TFAs, investigators carefully consider the characteristics of his/her
study population when estimating mechanical TFA with the use of
anatomical TFA.
A major limitation of this study involved that the results of
this study may be unique ﬁndings of Koreans or Asians, which
may not be applicable to the Western populations, particularly
for female subjects with OA. Nevertheless, our control group
results concur with those of epidemiologic studies performed in
Caucasian community-based studies18,21,27,34,35. Furthermore,
and somewhat interestingly, ranges of anatomical knee align-
ment for acceptable neutral mechanical TFA as proposed by the
American Knee Society31, that is, 5–10 valgus, well match the
results of our female subjects who underwent TKA, which
suggests that overall trends as demonstrated by our results are
probably not much different from those of Caucasians.Nevertheless, we suggest that caution be exercised before
applying our equations to estimate mechanical TFA in subjects
with a non-Asian ethnicity.
Summarizing, this study shows that the difference between
anatomical TFA and mechanical TFA is dependent on gender and
the presence of advanced OA, but not on a history of TKA, which
indicates that predictions of mechanical TFA based anatomical TFA
values are likely to depend on the characteristics of study
populations. It was also found that the variations between
mechanical and anatomical TFAs associated with gender and the
presence of advanced OA are mainly due to FBA and TBA, particu-
larly lateral femoral bowing. To reduce the adverse effects of
anatomical variations on estimations of mechanical TFA using
anatomical TFA, we recommend that more distant proximal and
distal reference points should be used to measure anatomical TFA
on standard knee radiographs.
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